According to small-amplitude wave theory, the components of the water particle velocity in the x-and y-directions for a wave traveling at an angle, a, to the shoreline ( Fig. 1) The y-momentum (alongshore momentum) per unit volume is pv where p is the water mass density.
The flux of this momentum in the x-direction (onshore) per unit alongshore distance and unit water depth is pvu. Integrating over the water column and averaging over time produce the mean alongshore momentum flux in the x-direction per unit alongshore distance
where the overbar denotes the mean with respect to time and n the water surface elevation. Substituting equations (1) and (2) into (3) and dropping terms of higher than second order produce 12 where C is the wave phase velocity, the wave group velocity, and E the wave energy density E=-4^ (5) where ^^-^g is the root-mean-square (rms) wave height. The term in parentheses in equation (4) is the flux of wave energy per alongshore distance, F , assuming straight and parallel bathymetric contours.
When zero wave energy dissipation is assumed, F = EC cosa = constant (6) X g
In this report, dissipation is assumed to be zero up to the breaker zone; therefore, F^^ is constant from deep water to the breaker zone.
Since the ratio of sina to C is constant due to Snell's law, equation (4), which represents the alongshore wave momentum entering the surf zone, is constant seaward of the breaker zone. Equation (4) can be revised for application of monochromatic waves, as in this report. For such wave conditions, the average wave height, H, measured during the tests (and discussed later in Section IV) is equal to ^j^g-By rewriting equation (4),
..-2 C cosa) -_ xy \ 8 g / C S is now defined for use with laboratory monochromatic wave data. Note that equation (4) is valid for any wave condition; equation (7) is valid only for conditions where H equals 11^.^^^^.
Energy Flux.
In literature, the longshore transport rate has been empirically related most frequently to a term found by multiplying both sides of equation (4) by the wave phase velocity, C, to yield Pj, = ("ËC^ cosa) sina
Unlike S , Pj^ is not constant seaward of the breaker line; therefore, specifying where Pj^ is being calculated is necessary. This report, following convention, determines at the breaker line, representing the value of at the point closest to where the longshore transport is occurring. The subscript b denotes breaker values.
The term 13 in parentheses in equation (9) has been shown to be constant (see eq. 6) seaward of the breaker line; therefore, subscript b may be replaced by i which represents any point seaward of the breake£ line. Making this change, using equation (5) 
where p^ is the mass density of sand and a' the ratio of sand volume to total volume of a sand deposit, which takes into account the sand porosity. For discussions of equation (14), see Komar and Inman (1970) and Galvin (1979) .
Since the laboratory tests described here measured 1» directly. this term is used in most of the data analysis. Equation (15) is based on the concept that the work done in moving the sand alongshore is proportional to the energy which approaches the beach. The units are consistent and Kp is dlmensionless.
Equation (16) is based on the concept that the sand transported alongshore depends on the alongshore force exerted by the wave motion on the bed inside the surf zone. By the equation of motion, this force Is related to the change of momentum inside the surf zone. The alongshore momentum, surf zone through the breaker line but cannot exit through the shoreline boundary.
Therefore, the change in alongshore momentum is S^^y and equation (16) results. Kg has dimensions of length over time.
5.
Surf Similarity Parameter. Kamphuis and Readshaw (1978) showed that Kp and are dependent upon the surf similarity parameter. The surf similarity parameter is evaluated in this report to determine its effect on the longshore transport rate.
EXPERIMENTAL SETUP
This section discusses the setup in the SPTB (Figs. 2 and 3) and describes the wave generators, wave gages, and cameras and their positions.
Also dis cussed are the sand-moving system, the method for measuring the longshore current velocity, and the size distribution of the sand used in the experi ment. The design of the setup was based in large part on Fairchild (1970 Table 4 is an example of how the daily and hourly data are tabulated in Appendix A.
Column 1 lists the run-time over which the data were collected. Run-time is defined as the cumulative time of wave operation from the beginning of the test.
A run-time of 05 10 means that up to that point, waves had been run at the beach for a cumulative total of 5 hours and 10 minutes. This would be the case even if the first wave had been run 2 days before.
Column 2 lists the length of time (in minutes) waves were stopped to take overhead photos of the beach.
The letters CFD or TC indicate that the testing was completed for the day or the test was completed.
Between any two entries in column 2, the waves were run continuously.
For example, from the beginning of the test at run-time 00 00 to run-time 01 00 (see Table 4 ), the waves were continuously run.
At that point the waves were stopped for 5 minutes to take overhead photos of the beach.
The waves were then restarted and run continuously until run-time 02 00.
Columns 3 and 4 list the water temperature and the water depth, respectively.
These measurements were taken in the morning before the testing started and in the afternoon after the testing stopped.
Column 5 lists the immersed weight of sand moved during testing from the previous entry in the column.
A value is always listed with a CFD or TC entry since it was only at the end of the day that the balance of sand not weighed during the time the waves were running could be picked up and weighed. In Table 4 , the value of 4,227 immersed pounds of sand is the quantity of sand transported from run-hour 04 00 to 08 00.
This column is not a cumulative listing of sand transported.
Columns 6, 7, 8, and 9 list the wave heights measured by gages 1, 2, 3, and 4A or 4B, respectively. Section III discusses the locations of these gages, which are shown in Figure 7 .
Column 10 lists the breaker angles measured from the Polaroid 4-by 5-inch photos of the breaking waves (see Fig.  16 ), Column 11 lists the longshore current velocity measured by dye injections, as discussed in Section III.
Column 12 lists the breaker type, using the following code: sg, surging; p, plunging; c, collapsing; and sp, spilling.
A double entry indicates both types of breakers were evident with the first type predominant. Table. For a comparison of test conditions, After each test, the SPTB was drained and the beach was surveyed. The distance and elevation pairs are listed in Appendix B and plotted in Appendix C. The elevation datum is the Stillwater level (SWL), which corresponded to a 0. 710-meter water depth.
Summary Data

4.
Overhead Photos.
Every hour during testing, the waves were stopped to take an overhead 35-millimeter photo of the beach (see Fig. 15 ). The photos show the waterline, the longshore bar, and the swash zone.
They are useful for a qualitative description of how the beach responded to the waves.
Appendix D contains a series of photos for run-times 01 00, 08 00, 16 00, and 24 00.
VI. DATA ANALYSIS
This section includes the data analysis to determine the relations between Ij^ and S^y and Ij^ and Pg^^. The empirical coefficients found from these relations are then, in turn, related to the surf similarity parameter, 5, which is adapted to the data collected.
Also included is an explanation of the calculations of S^", P^j,, 5, and Ijj^, along with plots of the various relationships.
The wave height used in the calculations is that measured at the toe of the beach (average of gages 1 and 2 wave heights).
The breaker wave height, which would have been a better value, was not used for the following reasons.
The wave height at the toe of the beach was measured for all 15 tests; the breaker height was not.
Also, only one gage was used to measure breaker height, while two were used at the beach toe. The significant difference in height between waves measured at the two beach toe gages (see App. A) indicates that some wave height variability existed along the wave crest. Therefore, the average of the measurements at the two beach toe gages is probably a more reliable estimate of the entire wave passing the toe than the one gage measurement at the breaker is of the entire breaker wave. A comparison of the data in this report with past studies is shown in a Q versus Pjjb gi^sph. 
where n is the ratio Cg/C and a function of the water depth and wave period or length. S was calculated at the toe of the beach by using the average of the wave heights measured at that location (see Fig. 7 ) , and by using the generator angle for a. This was calculated for each set of wave data. Thus, for the standard 24-hour test, 24 values of S^^ were calculated (see App. E). The average of S for each test is listed m Table 5 . ^^^^H^^^^^^ ustd in the calculation was the average of the breaker «"S^",/^l^^/"^ J° ninutes before and after the wave data were collected (see Fxg. 14).^^P,,^ was for each test is calculated for each set of wave data, 24 values of P the standard 24-hour test (see App. E). The average of listed in Table 5. lb ^Ib
Calculation of
The surf similarity parameter of Kamphuis and Readshaw (1978) was presented in equation (17) as
For the data in this report, a different surf ^^"^^^""^^J^^^^^^J^^^^thts since H will be substituted for H,, as discussed at the beginning of this section" Therefore, the surf similarity parameter in the following analysis is 
36
The same beach slope was used for all 15 tests and was determined as shown in Figure 21 . A value of C was calculated for each test using the average H for the entire test. These values are listed in Table 5 .
-0.4r
Stotlon (m) Figure 21 . Determination of beach slope used to calculate the surf similarity parameter.
Special Tests.
Three tests were performed under special circumstances. Test 2 was a repeat of test 1; test 8 was a repeat of test 7, except the sand feeder was moved shoreward; and test 11 was done with a generator angle of zero.
Tests 1 and 2 were both run with a period of 2.35 seconds, a generator angle of 10°, and a generator eccentricity of 5.97 centimeters. Test 1 ran for 25 hours, test 2 for 50 hours. A twofold comparison of the two tests was originally planned.
The first 25 hours of test 2 data was to be compared to the test 1 data, and then, both sets of data were to be compared to the last 25 hours of test 2.
Unfortunately, due to an experimental error, only the first 30 hours of the test 2 longshore transport data was collected accurately.
Therefore, the only comparison made was test 1 to the first 30 hours of test 2.
Reference to test 2 in the remainder of the report refers to the first 30 hours only. Appendix A contains all 50 hours of test 2 data. Table 6 compares the results of the two tests.
The differences listed give an indication of the repeatability of the data collection.
The longshore transport rate changed by 12.6 percent, which is a significant variation. This is an inherent problem of longshore transport tests, indicating that some important unknown factors are at work. Tests 7 and 8 were both run with a period of 1.90 seconds, a generator angle of 20°, and a generator eccentricity of 5.97 centimeters.
The only difference was that the sand feeder, which was located at the SWL for all other tests, was moved shoreward 1.4 meters for test 8.
The feeder was moved because the shoreline at the end of test 7 significantly angled shoreward toward Che downdrift side of the beach. This can be seen in the test 7 photos in Appendix D.
The feeder was moved shoreward to see if a straight shoreline resulted.
It did, as the photos in Appendix D for test 8 show. Another major effect was the change in Ij^ from 0.728 newton per second for test 7 to 0.345 newton per second for test 8, a decrease of 53 percent.
Test 8 is excluded from the remaining data analyses.
Test 11 was run with a period of 2.35 seconds, a generator angle of 0°, and a generator eccentricity of 5.97 centimeters.
The test was meant as a control to determine the amount of sand moved by the diffusion caused by breaking waves.
This value of Î for test 11 was 0.089 newton per second. A comparable quantity of sand, 0.059 newton per second, also moved updrift. Test 11 is also excluded from the remaining data analyses.
5.
Dally Cycle Graphs.
As discussed previously, longshore transport could be measured only on a daily cycle or test cycle basis. For the typical 24-hour test, six values of longshore transport rate were calculated.
Each rate covered a period of 4 run-hours.
During this time period, four values of S^^.^ and Pj^jj were calculated, averaged, and related to the corresponding value of Ijj. These values are listed in Appendix F and plotted in Figures 22 and 23 . Table 7 lists the important statistical parameters. The least squares lines listed in Table 7 are in Figures 22 and 23 , which also include the least squares lines calculated with the limitation that the lines pass through the origin.
The slopes of these lines are 0.28 for the xy graph and 0.13 for the 1" versus P Jib graph.
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LONGSHORE ENERGY FLUX FACTOR
J^n/S Figure 23 . Relation between longshore transport rate, 1^, and longshore energy flux factor, Pj^^,, using daily cycle data (tests 8 and 11 excluded). 40 6. Test Cycle Graphs.
The average longshore transport rate for each test was calculated and compared with the test average of S^.^ and P^j^. These values are listed in Table 5 and plotted in Figures 24 and 25 . Statistical values are in Table  8. r2 for 1^ versus S^^ and l£ versus P^^ are 0.72 and 0.74, respectively.
As with the daily cycle calculations, Ij^ is shown to correlate well with both terms to approximately equal degrees.
Figures 24 and 25 include both the standard least squares line and the least squares line forced through the origin.
The slopes of the latter lines are 0.26 for the versus S^^^ graph and 0.13 for the Î versus P^j, graph. Figure 24 . Relation between longshore transport rate, Î , and radiation stress, S^^, using test cycle data (tests 8 and U excluded). Table 8 lists the statistics. The K terms were calculated using equations (15) and (16). These graphs show that K is far from being constant, as is commonly assumed, and that it is strongly related to ^.
Comparison to Past Data.
The units of Ij^ and were converted to those used in the SPM and plotted in Figure 28 , which is taken from Figure 4 -36 of the SPM. The SPM figure was modified by shifting the x-axis to convert from Pj^^ to P^j,. Equation (13) shows the relation between ?^-^ and Pjjg. Test numbers for the data points of this report are noted in Figure 28 . Two major observations are immediately apparent.
The first is that the laboratory data in this report, as in laboratory data from past reports, have considerable scatter.
Since the surf similarity parameter, i, i n this report varies by a significant amount for the different tests, as shown in Figures 26 and 27 , some scatter is expected.
The surf similarity parameter, of course, does not explain all of the scatter in the laboratory data. There are s t i l l some laboratory and scale effects which are not yet understood. 
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The second observation is that most of the data fall beneath the SPM curve connoting low values of Kp. Since the SPM curve is based on field data, mostly from Komar and Inman (1970) , a possible explanation is that the field data were collected under conditions of higher values of 5 than those for the laboratory data. Kamphuis and Readshaw (1978) suggest that Komar and Inman's data were indeed collected under conditions of high i^. It seems reasonable to assume that the C values were also high.
VII. SUMMARY AND CONCLUSIONS
An analysis of the radiation stress, S^^, and the energy flux factor, Pj^ [j, shows that both predict longshore transport rate, I^, to comparable degrees.
Approximately 70 percent of the variance of 1^ about its mean is explained by each term.
There appears to be no major advantage in choosing one over the other to predict the longshore transport rate.
However, S^y has the advantage of being constant seaward of the breaker zone while Pj;,^^ is not.
This makes the calculation of S^^ more convenient than Pj^j^, which must be determined at the breaker line. fti the other hand, Pg^^ has the advantage of having the same units as I ĵ , which means that Kp is dlmensionless.
The empirical coefficients, K^ and Kp, are far from constant although K is commonly assumed to be so in practice.
Part of the variation of the coefficients can be related to the variation of the surf similarity parameter, 5, as shown in Figures 26 and 27 . These figures show that K^ and Kp will increase with 5. The considerable scatter evident in Figure 28 can be partly explained by the relation between the empirical coefficients and
The data in this report and past laboratory and field data are compared in Figure 28 . The laboratory data generally predict lower values of Ij, for a given Pj^j^ compared to the field data.
Part of this trend can be explained by the differences in the surf similarity parameters, assuming the field data were collected under conditions of high £;.
Also, laboratory and scale effects probably contribute to the lower laboratory transport rates.
The relative importance of these factors is suggested as a subject of future research.
